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(57) PecpepaT: 

3onb-renb OKCMfla anfOMUHM^, kotophm 
BbicyLueH, ho He o6o>K>KeH J MO>KeT 6biTb 
B3pbiBHbiM o6pa3QM npeo6pa30BaH b nopoiuoK 
npn noAane BbicyiueHHoro rerm b nenb, b 
KOTopoM noAA©P>KHBaeTCfl TeMnepaTypa Bbiwe 
tom, npn KOTopow cnoco6Hbie k ncnapeHMfo 
neTynne MaTepnaribi yflarmfOTca H3 nacTHL4 rej~m. 
ripw AOCTaTOHHO BbicoKotf TeivinepaType o6>KMr 
AOCTaToneH Ana o6pa30BaHMfl noriHOCTbfo 
ynnoTHeHHbix MacTMi^ an bc£a-OKCHAa anK)MMHMfl 
TaKoro pa3Mepa, KOTopbie roAflTca Ana 
HenocpeACTBeHHoro ncnonb30BaHi/ifl b KanecTBe 
Men kmx TBepAbix a6pa3MBHbix HacTHi^ nnn 
M3roTOBneHMfl a6pa3MBHbix MaTepnanoB. 5 c. h 



18 3.n. cjD-Jibi, 6 Ta6n., 2 mji. 



P 8- 



i * 

i 

5 




-1- 




(19) (H) 



2 148 567 3) C1 



(51) int. ci. 7 c 0 4 B 35/111j c 09 K 3/14, C 
01 F 7/44 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 



W ABSTRACT OF INVENTION 



00 

en 



(21), (22) Application: 97118359/03, 27.03.1996 
(24) Effective date for property rights: 27.03.1996 
(30) Priority: 05.04.1995 US 08/417,169 
(46) Date of publication: 10.05.2000 

(85) Commencement of national phase: 05.11.1997 

(86) PCT application: 

US 96/04137 (27.03.1996) 

(87) PCT publication: 

WO 96/32226 (17.10.1996) 

(98) Mail address: 

103104, Moskva, B.Palashevskij per. 3, ofis 

2, "Gouling, Strati i Khenderson", Demenfevu V.N. 



(71) Applicant: 

SENT-GOBEhN INDASTRIAL KERAMIKS, INK. 
(US) 

(72) Inventor: Gehrg Ehdzhej K. (US), 

Kaund Ehrap K. (CA), Orne Lourens (US), Jung 
Mark R. (US) 

(73) Proprietor: 

SENT-GOBEhN INDASTRIAL KERAMIKS, INK. 
(US) 

(74) Representative: 

Dement'ev Vladimir Nikolaevich 



o 

co 

00 



(54) METHOD OF PRODUCING ALPHA-ALUMINUM OXIDE (VERSIONS), ABRASIVE PARTICLES AND 
ABRASIVE MATERIAL (VERSIONS) 



(57) Abstract: 

FIELD: methods of abrasive materials 
production. SUBSTANCE: sol-gel of aluminum 
oxide which is dried but not calcined may be 
converted into power by blasting in supply 
of dried gel into furnace in which 
temperature is maintained at value exceeding 
that at which volatile materials capable of 
volatilize are removed from gel particles. 
At sufficiently high temperature, 
calcination is sufficient for formation of 
fully densified particles of alpha-aluminum 
oxide of size suitable for direct use in 
capacity of fine hard abrasive particles or 
for preparation of abrasive materials. 



EFFECT: higher efficiency. 23 cl, 2 dwg, 3 
tbl, 6 ex 
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HacToamee i/i3o6"peTeHne niweeT OTHOiueHne 

K MBJ1KMM TBepflblM a6pa3HBHblM HaCTl/ILjaM M3 
OKCHfla aJlHDMI/IHHa (W3 ITIHHOSeMa), B HaCTHOCTM 

k 3onb-rerib a6pa3HBHbiM MaTepwanaM H3 

OKCHfla aJIHDMMHMfl C yJiyMLJJeHHbIMM 
a6pa3MBHblMM CBOMCTBaMM (CBOMCTBaMU 

LUJlUCjDOBaHMfl). 

3orib-rerib a6pa3HBHbie MaTepwanbi H3 
OKCMAa axiJOMUHMfl o6bNHO nonynafOT npn 
noMOL^M cyiuKU 3oria hum rena 
npefliuecTBeHHHKa anbcjDa-OKCHfla ariioMHHna 
(KOTOpbIM 00"blHHO, ho He o6a3aTenbHO, 
aBnaeTca 6eMHT) npM TeMnepaType okojio 
125-200°C Ana yAaneHMa BOfl^Horo KOMnoHSHTa 
rena; c nocneAyfou4MM APo6neHneM 
BbicyujeHHoro rena Ana nonyneHHa MenKwx 
TBepAbix a6pa3MBHbix nacTHLJ, >KenaTeribHoro 
pa3Mepa; c B03MO>KHbiM npoKanMBaHMeM HacTMLJ, 
(o6bNHO npi/i TeMnepaType okojio 400-800 °C) 
Ana o6pa30BaHi/ia npoMe>xyTOHHoCi cpopwibi 
OKCHAa anK)MHHna; w, HaKOHei4, c 0HHanbHbiM 
o6>KMroM npoKaneHHbix HacTMU, npn 
TeMnepaType, KOTopaa AOCTaTOMHO BbicoKa Ana 
npeo6pa30Bai-ina hx H3 npoMe>KyTo i -iHofi cjsopMbi, 

T3KOM K3K raMMa-OKCHA afllOMMHlia, B CpOpMy 

aribcf:a-OKCMA anioMMHHa. ripocTbie 30Jib-rerib 
npoueccbi onucaHbi, HanpuMep, b naTeHTax 
CUJA N 4314827; 4518397; 4881951 n B 
6pnTaHCKOW 3aaBKe Ha naTeHT 2099012. 
3ojib-rerib OKCMAbi antoMMHMa TaKoro Tuna 
MMewT oGbNHO KpucTannnMecKne pa3Mepbi ao 
25 mkm mjih b~onee, xoTa MOAUcjDMLJ.HpyiOLiJ.Me 
Ao6aBKH, TaKne KaK okcha MarHkia , a TaioKe 
Apyrne oKcwAbi MeTannoB, TaKne KaK a^okcma 

I4HPKOHM5R, OKCMA HTTpHa, OKCHAbl 

peAK03eMeribHbix MeTannoB, okcha TMTaHa, 
OKCHAbi MeTajinoB nepexoAHoro paAa m T.n., 
MoryT 6biTb ncnojib30BaHbi b HeGojibLunx 
KonnnecTBax Ana yMeHbLueHwa 
KpucTannnHecKoro pa3Mepa opueHTupoBOHHO ao 
1-10 mkm n Ana ynyMLueHna HeKOTopbix 

43H3M4eCKMX CBOMCTB. 

B oco6eHHO npeAnoHTHTenbHOM cjDopMe 
3onb-renb npoi4ecca npoi/i3BOAaT "noceB" 
(BBeAeHne b bma© saipaBKM) npeALiiecTBeHHMKa 
ajibc|Da-OKCMAa anioMHHHa b MaTepnan, KOTopbiw 
MMeeT TaKyio KpuicTannwHecKyio CTpyKTypy, 
KaK m caM anbc|Da-OKCMA anfOMHHi/ia, v\ 6nn3Kne k 
HeMy napaMeTpbi KpucTannnHecKoCi peiueTKH. 
ripw "noceBe" ncnonb3yioT caMbie bosmo>kho 
MeriKne HacTMi^bi, Korapbie paBHOMepHO 
pacnpeAenaioT no 06-beMy 3oria v\nv\ rena. 
flo6aBKa TaKkix MacTMi4 MO>KeT 6biTb 
npoM3BeA©Ha c caMoro Hanana mjim >Ke ohh 
mop/t 6biTb o6pa30BaHbi Ha MecTe Haxo>KAeHwa. 
45yHKi4neM noceBa aBnaeTca Hanano 
OAHopoAHoPi TpaHccjDopMaL^nn b aribcf)a-cf)opMy 
no BceMy o6"beMy npeALuecTBeHHUKa npi/i 
TeMnepaType, KOTopaa HaMHoro HH>Ke, MeM 
Heo6xoA^Maa Ana OToro b OTcyTCTBMH 3aTpaBKH. 
B TaKOM npoi^ecce nony-iaKOT KpucTannnMecKyKO 
CTpyKTypy, b KOTopofi MHAUBMAyanbHbie 
KpucTajiJibi anbc(Da-OKCMAa anfOMMHwa (to ecTb 

30Hbl maBHblM 06pa30M OAHH3KOBOM 

KpucTaririMHecKOM opueHTauuM, OTAeneHHbie ot 
CMe>KHbix KpucTannoB rpaHni4aMM 3epeH c 
6oribLJJHM yrnoM) MMehDT BecbMa oahopoahnw 
pa3Mep n maBHblM o6pa30M cySMUKpoHHbiCi 
AnaMeTp, HanpuMep opueHTupoBOHHO ot 0,1 ao 
0,5 mkm. >KenaTeribHbiMH 3aTpaBKaMH aBnaeTca 
co6cTBeHHO caM aribcjDa-OKCMA anioMUHMa, 
OAHaKO MoryT ncnorib30BaTbca n Apyrne 
KOMnoHeHTbi, TaKne KaK anbc(Da-OKCMA >Kene3a, 
cyGoKCHA xpoMa, TMTaHaT HHKena, a TaioKe 

MHO>KeCTBO APyrUX KOMflOHeHTOB, KOTOpbie 
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mmbkot napaMeTpbi KpucTanriMHecKon peujeTKM, 
AOCTaTOHHO 6nn3Kne k napaMeTpaM 
aribcjDa-OKCHASi anhDMUHna, MTo6bi Bbi3biBaTb 
3c()c)DeKTHBHoe o6pa30BaHne anbcipa-OKCMAa 
arikDMUHna H3 npeALiiecTBeHHMKa npn 
TeMnepaType HM>Ke Toi?!, npn KOTopoPi o6bNHO 
nponcxoAMT npeo6pa30BaHne b OTcyTCTBUM 

TaKOCl 33TpaBKH . npMMepbl T3KMX 33TpaBOK 

3orib-rerib npou,ecca onucaHbi b naTeHTax CLUA 
N 4623364; 4744802; 4954462; 4964883; 
5192339; 5215551; 5219806 m bo MHorux 
Apyrnx. 

npoKannBaHne BbicyujeHHoro 3orib-rena 
nacTO ncnonb3yioT Ana yMeHbiueHna BpeMeHM, 
KOTopoe Heo6xoAMMO Ana o6>Knra npn 
noBbiiueHHbix TeMnepaTypax. 3to CBa3aHO c 
reM, hto npn onepai4MM o6>Knra ocyuj,ecTBnajoT 
3aAann npeo6pa30BaHna nepexoAHbix cf)opM 
OKCMAa ajifOMMHua b anbc^a-cpopMy n cneKaHna 
aribcjDa-OKCHAa anraMMHua Ana 3aKpbiTna 
ocTaTOHHOM nopucTOCTM m o6ecneHeHna 

Heo6xOAMMOM nnOTHOCTM M TBepAOCTH HaCTHLJ,, 

HTo6bi ohh Mornn xopoujo BbinonHaTb cjDyHKUMK) 
MenKMX TBepAbix a6pa3MBHbix MacTMU,. 
H3BecTHo 3 ^to M36biTOHHoe BpeMa npe6biBaHna 
npn TeMnepaTypax o6>Knra, KOTopbie o6bNHO 
cocTaBnahOT ot 1300 ao 1400°C Ana 3onb-rerib 
MaTepnanoB c 3aTpaBKOM m npn6nn3HTenbHO Ha 
100°C Bbiiue Ana 3onb-renb okchaob anhDMMHua 
6e3 3aTpaBKM, npuBOAHT k pocTy KpucTannoB. 
TaK KaK pocT KpucTannoB ob~bHHO 
paccMaTpuBaeTca KaK He>KenaTenbHoe aBneHne, 
to >KenaTeribHO npon3BOAHTb npoKariMBaHMe 
OTAenbHO n, TaKMM o6pa30M, yMeHbiunTb BpeMa 
npeSbiBaHna npn yKa3aHHbix noBbiujeHHbix 
TeMnepaTypax. OAHaKO 3Ta npoi4eAypa 

npMBOAMT K nOBblLLieHMfO CTOHMOCTM, TaK KaK 

npuxoAHTca npoM3BOAHTb ABe 

BbicoKOTeMnepaTypHbie onepai^nn. 

TaK KaK onepai^MHD cyniKM npoBOAaT nepeA 
onepai4neM APo6neHna n npocenBaHna 3epeH 3 
AOBeAeHHbix ao KOMHaTHOM TeMnepaTypbi, to 
TennoTa, KOTopaa ncnorib3yeTca npM cyniKe, 
paccei/iBaeTca b OKpy>KafOLU 1 eM cpeAe. 3to o^eHb 

HeSCjDCjDeKTHBHO. 

Onepau,Mfo APo6neHna npon3BOAaT nocne 
cyniKM, TaK KaK b 3tom TOHKe npouecca nerKO 
MO>KeT 6biTb npoM3BeAeHO APo6neHne 
MaTepnana. Ecjim >Ke Apo6rieHMe npon3BOAHTb 
nocne onepannn o6>Knra, to TorAa MaTepnan 
CTaHeT TaKUM TBepAbiM, mto noTpe6yeTca 

M36blTOMHOe KOJIMMeCTBO 3HeprnM. TaKMM 
o6pa30M, o6bNHO APo6neHne npon3BOAaT 
nepeA o6>KMroM. KpoMe Toro, o6>Knr MenKnx 
nacTMU, npoTeKaeT b"onee scjDcjzieKTMBHO, TaK KaK 
HacTMi4bi 6"bicTpee AOCTurafOT TeMnepaTypbi 
o6>KMra b nenn, ecnn ohm MenKMe. 

ABTopaM yAanocb 3HaHMTenbHO yMeHbiunTb 
noTpe6neHne SHeprnn, CBa3aHHoe c 
nonyneHneM OKCMAa arifOMUHna npn noMOLi^M 
3onb-rerib npoi^ecca. 3to AOCTumyTO 
M3MeHeHneM npoi4ecca TaK, mto sto 

COBepLUeHHO OTflUHaeTCa OT HHTyMTHBHblX 

paccy>KAe hum, ncnonb3yeMbix npn opraHM3ai4MM 
o6bNHoro npouecca. ripn noMomn HOBoro 
npoi4ecca nonynahDT HacTMi4bi anbcjDa-OKCHAa 
anKDMUHna b BecbMa KenaTenbHOM cpopMe 
nonHOCTbHD ynnoTHeHHbix nacTMU, coBepujeHHO 
aAanTupoBaHHbix Ana ncnonb30BaHna b 
KanecTBe a6pa3HBHoro MaTepnana. Bonee Toro, 
CMCTeMa aBfiaeTca AOCTaTOHHO rnb~Kofi Ana 
n3MeHeHna AH3aMHa nonyneHHbix MeriKnx 
TBepAbix a6pa3HBHbix MacTMi4. 

npOU,eCC B COOTBeTCTBM H C HaCTOaLAMM 

M3o6peTeHneM npeAycMaTpuBaeT noAany 



o 

CD 
00 



ro 
oo 

Ol 

OS 

o 



BbicyiueHHoro, ho He o6o>K>KeHHoro 3onb-renb 
oKcufla antoMUHUfl, KOTopbiM MMeeT coflep>KaHMe 
cnoco6Hbix k ncnapeHMio (neTynux) Beu^ecTB no 
MeHbLuew Mepe 5% no Becy, HenocpeflCTBeHHO b 
nenb, b kotopom noAaep>KHBaeTC?i TeMnepaTypa 
okojio 400°C, npuneivi npoM3BOAMTca KOHTponb 
TeMnepaTypbi n BpeivieHU npeobiBaHMfl Arm 
nonyMeHMfl B3pbiBHoro npeBpameHMfl b nopoiuoK 
OKCHfla anioMMHUfl. I~lpn onpefleneHHbix 
ycnoBUfix, KorAa TeMnepaTypa b neHM 
flOdaTOMHO BbicoKa m BpeMfl npe6biBaHMfl 
flOdaTOHHO Bern/wo, 30Jib-rejib okcma ajifOMMHua 
MO>KeT 6biTb HenocpeACTBeHHO npeo6pa30BaH b 
0opMy aiibcjDa-OKCMAa anHDMMHM?i m cneneH ao 
nnoTHOCTM, KOTopa^ cocTaBnseT no MeHbLueM 
Mepe 95% ot TeopeTunecKOM nnoTHOCTn. 

06bNH0 3orib-renb okcha antoMMHua 
BbicyiunBaroT Ana o6pa30BaHMfl komkob 
pa3MepoM HecKonbKO MunnnMeTpoB, npMHeM 
o6bNHO npon3BOAflT cyiuKy 6eMMTa, Ka>KAafl 
MoneKyna KOToporo MMeeT cBH3aHHyK) MoneKyny 
BOAbi; OAHaKO npn cyujKe bo3mo>kho HenoriHoe 
yAaneHne ocTaTOHHOM BOAbi. KpoMe Toro, nacTO 
Mcnonb3yKDT npeAnoHTHTenbHbie 
MOAMcjDMU.npyfOLAMe AoSaBKM, TaKne KaK okcma 

Mai~HMfl, OKCMA MTTpMfl, OKCMA py6"WAMfl, OKCMA 

i4e3Msq, OKCMAbi peAK03eivieribHbix MeTannoB mjim 
okcman MeTannoB nepexoAHoro p^Aa, KOTopbie 
Ao6aBnnKDT b 3onb-rerib b cjsopMe mx 

paCTBOpMMblX HMTpaTOB fl/lS C03AaHMfl JIGTyHMX 
KOIVinOHeHTOB (TaKMX K3K OKCMAbi a30Ta) B 

BbicyiueHHOM rene. Ecjim Ana nenTM3au,MM 
3orib-rejia 6bina Mcnorib30BaHa KMcnoTa, TaKan 
KaK a30THaa mjim yKcycHafl, to b BbicyujeHHOM 
30Jib-reiie MoryT TaioKe coAep>KaTbCfl ocTaTKM 
3Tom KMcnoTbi. 06bNHO BbicyiueHHbiM renb 
MMeeT noriHoe cnoco6Hoe k McnapeHMto 
coAep>KMMoe, KOTopoe cocTaBnaeT 
OpMeHTMpOBOHHO ot 5 ao 50%, a 
npeMMymeCTBeHHO OpMeHTMpOBOHHO ot 10 ao 

45%, a eLH,e nyHLue opMeHTMpoBOHHO ot 20 ao 
40% no Becy. CyiuKy o6bNHO npoBOA^T npM 
TewnepaType Huxe opMeHTupoBOMHO 200°C, a 
em,e name npM 3HaMMTeribHO 6onee hmskmx 
TeivinepaTypax. no stom npMHMHe BbicyLueHHbiM 
renb coa©P>kmt 3HaHMTenbHbie KOJiMHecTBa 
cnocoGHoro k ncnapeHMio MaTepMana, KorAa oh 
3arpy>KaeTCfl b nenb. 

npou,ecc pe3KOM AerMApai^MM 3a cneT 
6biCTporo AOBeAeHMa ao BbicoKMX TeivinepaTyp 
pacKpbiT b EP-A 0176476 m b EP-A 0518106, 
OAHaKO oh npMMeHMM k Men km m nopoujKaM 
rMApaprMJiJiMTa (rMScMTa) m Mcnorib3yeTCfl KaK 
npoivie>KyTOHHaa onepauMH npM npoM3BOACTBe 
6eMMTa nnn xhmmhsckm aicrnBHbix pyAHbix Ten. 

HecMOTpa Ha to hto HacTOflu^ee 
M3o6peTeHne b nepByro onepeflb HanpaBneHO Ha 
B3pbiBHoe npeBpameHMe b nopoujoK 
BbicyiueHHbix 3onb-renb MaTepManoB, stm 
MaTepManbi MoryT TaioKe BKnioHaTb b ce6n m 
ApyrMe KOMnoHeHTbi, KOTopbie caMM no ce6e He 
coAep>KaT hmk3kmx cnocoo"Hbix k McnapeHMto 
MaTepManoB. HanpMMep, bo3mo>kho BBOAMTb b 
3onb-renb MaTepMan TaKMe KOMnoHeHTbi, KaK 
nopoiuoK anbcjDa- MnM raMMa-OKCMAa anroMMHMfl, 
Kap6MA KpeMHM^ (KaK b BMAe nopoujKa, TaK m b 

BMAe HMTeM), A^IOKCMA LIMpKOHMfl, KySMHeCKMM 

hmtpma oopa, a TaioKe m ApyrMe a6pa3MBHbie 
MaTepManbi npM ycnoBMM, hto oo"mee 
co Ae p>Ka h m e cnocoo~Horo k McnapeHMto 
MaTepMana b BbicyujeHHOM CMecM ocTaeTca 
HM>Ke 5% no Becy. 

KorAa komkm BbicyLueHHoro rena noMematOT 
b nenb, to cnocoGHbiM k McnapeHMHD MaTepMan b 
KOMKax BbicyiueHHoro rena pacLUMpaeTca 
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B3pblBHblM 06pa30M, HTO npMBOAMT K 

pa3neTaHMKD komkob c o6pa30BaHMeM MenKMX 
nacTMLJ,, KOTopbie BecbMa >KenaTenbHbi Ana 
npMMeHeHMfi npM onepai^MM LunMcjDOBaHMfl. EcnM 
BpeMfl npe6biBaHM?i b neHM AOCTaTOHHO Ben m ko , 
to nonyneHHbie MenKMe HacTMi^bi 6bicTpo 
npeoGpa3yK)TCfl b anbcpa-c|3a3y m oneHb 6biCTpo 
cneKafOTCfi maBHbiM o6pa30M b nonHOCTbto 
ynnoTHeHHyfo cpopMy. EbicTpo npoTeKaraL^aa 
npMpoAa SToro npoi^ecca o6bNHO MMeHyeTca 
"B3pbiBHbiM npeBpameHMeM b nopoiuoK", xota b 

COOTBeTCTBMM C npeAnOHTMTenbHblM BapMaHTOM 

HacToaiAero M3o6"peTeHMfl npoi4ecc KpoMe 
npeBpaLAeHMfl b nopoujoK AononHMTenbHO 
BKnKJHaeT b ce6a o6>kmt b anbcfia-cfia3y m b 
HeKOTopbix cnynaax cneKaHMe ao maBHbiM 
o6pa30M TeopeTMHecKOM nnoTHOCTM. B tom 
cnynae ecnM TeMnepaTypa HecKonbKO HM>Ke, to 
o6T=eM npeBpau^aeMoro b nopoujoK MaTepMana 
MO>KeT 6biTb b HeKOTopoM CTeneHM yMeHbiueH, 
npM 3tom MO>KeT 6biTb nonyneHO Aeujesoe 
Apo6neHMe SonbLUMX komkob m co3AaHMe nMHMM 

HenpOHHOCTM B OCTaiOLUMXCfl KOMKaX, HTO 

no3BonaeT nerKO pa3MenbnaTb mx b xoAe 
nocneAyfomeM onepai^MM npeBpameHM^ b 
nopoiuoK. OAHaKO TaKOM npoi4ecc TaioKe 
paccMaTpMBaeTCfi KaK npoupcc B3pbiBHoro 
npeBpaLAeHnsq b nopoiuoK. 

TaKMM o6pa3QM, noA MaTepManoM, 
nonyneHHbiM "b pe3ynbTaTe B3pbiBHoro 
npeBpaLAeHMfl b nopoiuoK", noHMMaKDT 
MaTepMan, o6pa30BaHHbiM npM noAane 
BbicyiueHHbix nacTMU, 3onb-renb OKCMAa 
anKDMMHMfl b nenb m no MeHbLueM Mepe nacTMHHO 
pa3MenbneHHbiM Ha MenKMe nacTML4bi 6e3 
Mcnonb30BaHM?i nfo6bix npMno>KeHHbix BHeujHMX 
CMn. 

EcnM BpeMfl npe6biBaHMfi b neHM 
OTHOCMTenbHO Mano MnM ecnM TeMnepaTypa 
neHM OTHOCMTenbHO HM3Kaa, to npoi4ecc 
cneKaHM^ m Aa>Ke npouecc npeo6pa30BaHM^ b 
anbc|Da-c)Da3y MO>KeT He 3aKOHHMTbca ao BbixoAa 
MaTepnana M3 nenn. B tbkom cnynae HeKOTopbie 
MnM Aa>Ke Bee nacTMi4bi mop/t 6biTb b 
onpeAeneHHOM CTeneHM nopMCTbiMM, m 3tm 
OTHOCMTenbHO pbixnbie KOHCon MAMpoBaHHbie 
6onbLUMe nacTMi^bi MoryT 6biTb pa3MenbneHbi 
npM noMOLi^M onepai^MM nerKoro pa3ManbiBaHMa, 
paHee mx cneKaHMfl ao nnoTHOCTM Bbiiue 95% 
TeopeTMHecKOM, b OTAenbHOM neHM MnM 3a cneT 
BToporo npoxoAa nepe3 poTopHyto 
(BpamaNDLAyKDcyi) nenb. B HeKOTopbix cnyna^x 
3to ftBnnsTCft npeAnOHTMTenbHblM, TaK KaK 
oneHb MHTeHCMBHoe B3pbiBHoe npeBpau^eHMe b 

nopOLUOK MOKeT npMBOAMTb K 06pa30BaHMK) 

3HaHMTenbHbix KonnnecTB oneHb MenKnx nacTMi^, 
KOTopbie MeHee none3Hbi Ana HeKOTopbix 
a6pa3MBHbix npMMeHeHMM. MeHee MHTeHCMBHoe 
B3pbiBHoe npeBpaLAeHMe b noponioK npMBOAMT k 
o6pa30BaHMK> 6onbLUMX HacTMi4, KOTopbie nerKO 
MoryT 6biTb npeBpaL^eHbi b nopoujoK Ha 
nocneAy^LAeM CTaAMM npouecca. 

AnbTepHaTMBHO m MHorAa npeAnoHTMTenbHO 
MaTepnan nocne o6>Kiira, KOTopbiM HenonHOCTbio 
npeBpameH b nopoiuoK npM B3pbiBHOM 
npeBpam,eHMM m KOTopbiM nacTO MMeeT 
onpeAeneHHyfo CTeneHb nopMCTOCTM, MOxeT 
6biTb no MeHbLueM Mepe h3ctmhho nponMTaH 

MCnap^eMOM >KMAKOCTbHD, TaKOM KaK BOAa, M 

nponymeH eLAe pa3 nepe3 poTopHyfo nenb Ana 
3aBepujeHMfi npoi4ecca npeBpaLAeHMe b 
nopoujoK. 

PerynMpoBKa ycnoBMM o6>KMra Ana 
nonyneHMfl nopMCToro npoAyKTa, KaK sto 
onMcaHO Bbiiue, TaioKe AaeT B03MO>KHOCTb 
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nponnTKH nopMCToro MaTepnana pacTBopaivin 

MOAMCjDHKaTOpOB, T3KHX, HanpMMep, KaK BOflHblfi 

pacTBop pacTBopuMOM conn Mamnfl, nnpn^, 
nepexoflHoro sneMeHTa, py6MAMa, L^e3Ma mjim 
peAK03eMeribHoro MeTanra. I~lpn cneKaHnn stm 
MaTepMaribi oo"biHHO BbipaoaTbiBaiOT 

MOAHCjDHU | HpyfOLJ4ML?i OKCHA B OHeHb 

3qt>o>eKTMBHOM" cpopivie l/l OAHOBpeMeHHO 
Bbipa6aTbiBaioT AononHMTenbHbie KOJinnecTBa 
neTynero MaTepnana, KOTopbiM MO>KeT 6biTb 
ncnojib30BaH Ana npoBeAeHMa B3pbiBHoro 
npeBpaLu,eHMfl b nopoLUOK. 

HaMM oo~Hapy>KeHO, hto ecnM npoBOAHTca 
3KCTpy3na rena nepeA ocyLAecTBJieHneM cyiUKM, 
to npeAnoHTHTeribHO HMeTb Manoe OTBepcTue 
3KCTpy3nn. TaK, HanpMMep, renb, KOTopbiM 
3 kct py A^ po b a h nepe3 OTBepcTue 1,6 mm, 
o6\naAaeT nyHiueM cnoco6"HOCTbfo B3pbiBHoro 
npeBpameHna b nopoiuoK, neM renb, KOTopbiM 
3 kct py A^ po b a h nepe3 OTBepcTue AnaMeTpoM 6 
mm. KpoMe Toro, 3KCTpy3Ma nepe3 Kpymoe 
OTBepcTue npeAnoHTMTenbHee 3KCTpy3nn nepe3 
np^MoyronbHbie OTBepcTMa. 

npuroTOBneHHbie onucaHHbiM oo"pa30M 
a6pa3HBHbie 3epHa nacTO MMeioT HeoxnAaHHO 
nyniuMe a6pa3MBHbie CBOMCTBa no cpaBHeHMio c 
3epH3MM , nonyneHHbiMH TpaAni^noHHbiM 
cnocoooM. Mo>kho npeAnonoKMTb, hto sto 
nponcxoAUT noTOMy, hto npn npeAno>KeHHOM 
TexHonornn npeBpaLAeHMa b nopoi_uoK k 
MaTepwany He npMKnaAbiBaioTca c|DM3MHecKMe 
Hanpa>KeHMa, KOTopbie MoryT Bbi3biBaTb 
MMKpoAec^eKTbi CTpyKTypbi MenKnx TBepAbix 
a6pa3HBHbix nacTMi^. BHe 3aBncnMOCTH ot 
o6""bacHeHMa sto ynynujeHne napaMeTpoB 

ABn^eTCfl HeO>KMA3HHblM H 3HaHMTenbHblM. 

HacToau^ee n3o6peTeHne MMeeT TaioKe 
OTHOLUeHMe K C03AaHMK) HOBblX a6pa3HBHbix 

3epeH M3 OKCMAa anfOMMHMa. Mbi Haiunn, hto 
nonyneHHbie npn noMOLAM B3pbiBHoro 
npeBpameHna b nopoiuoK 3epHa MMefOT 
yHMKanbHoe pacnpeAeneHne no cjDopMe n 
pa3MepaM, hto TaioKe MoweT cnocoocTBOBaTb 

AOCTM>KGHMKZ> OTnMHHblX CBOMCTB LUJIUqbOBaHMfl , O 

neM ynoMMHanocb Bbime. 3to npeACTaBnaeT 
oTnMHMe ot nuTbix Mnn SKCTpyAMpoBaHHbix 
3epeH 3 KOTopbie MMefOT OAHopoAHyio cpopMy 
nonepeHHoro ceneHMa KaK pe3ynbTaT npoi^ecca 
mx nonyneHMfl. 3epHa b cooTBeTCTBMM c 

HaCTOflLUMM M306peTeHMeM MMefOT 

HeperynapHyfo cjDopMy, b ocoSeHHOCTM 
nonepeHHoe ceneHMe BAonb HaMConbiuero 
pa3Mepa, hto HBnaeTCfl Ana hux xapaKrepHbiM. 

Oo"biHHO, ecnM He Mcnonb3yeTca npoi^ecc 
0opMOB3HMfl, MenKMe TBepAbie a6pa3MBHbie 
nacTMi4bi nonyna^T 3a cneT npeBpameHMa b 
nopoiuoK GonbLUMx KycKOB MaTepMana. 
Cyu^ecTByioT ABe BMAa M3BecTHbix TexHonorMM 
Ana yKa3aHHoro npeBpaL^eHMa b noponiOK: 
BanKOBoe APo6neHMe m yAapHoe APOoneHMe. 
npn yAapHOM ApoSneHMM cyL^ecTByeT 
TeHAeHU.Ma nonyneHMa nacTMi4 6onee 
KOMnaKTHOM cjDopMbi, KorAa MHAMBMAyanbHaa 
MenKaa TBepAaa ao"pa3MBHaa nacTMi^a MMeeT 

K03Cj3C|DMI4MeHT CjDOpMbl L/D (TO eCTb OTHOLUeHMe 

caMoro 6onbLuoro pa3Mepa (L) k HaM6onbiueMy 
AMaMeTpy b nepneHAMKynapHOM HanpaBneHMM 
(D)) 5 6nM3Koe k 1 . l~1pM BanKOBOM APo6neHMM 
cymecTByeT TeHA©Hi4Ma nonyneHMa nacTMi4 
MeHee KOMnaKTHOM qtopMbi, KorAa Ha npaKTMKe 

ycpeAHeHHbIM KOSC^CjDMUMeHT CjDOpMbl 

npeBbiiuaeT 1 . CymecTByeT A^iana30H 

KOSCjDCjDML^MeHTOB CjDOpMbl npM BanKOBOM 

Apo6neHMM 3 OAHaKO BepxHee ero 3HaneHMe 
cyLAecTBeHHO HM>Ke 2. 
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"Pa3Mep" MenKOM TBepAOM a6pa3MBHOM 

HaCTML4bl 06blHH0 M3Mep«IOT npM nOMOLAM 

Ha6opa cmt c pa3nMHHbiMM pa3MepaMM (Meiu) 
OTBepcTMM. EcnM MenKaa TBepAaa a6pa3MBHaa 
nacTMi4a xapaKTepM3yeTca TpeMa b33mmho 
nepneHAMKynapHbiMM pa3MepaMM, to 
KOHTponbHbiM pa3MepoM Ana Hee aBnaeTca 
btopom caMbiM oonbLUOM pa3Mep, TaK KaK 
MMeHHO oh onpeAenaeT pa3Mep HaMMeHbLueM 
aneMKM CMTa, nepe3 KOTopyfo nacTMi^a MO>KeT 
npocKOHMTb npM ee opMeHTai4MM no caMOMy 
AnMHHOMy pa3Mepy. EcnM MenKMe TBepAbie 

a6pa3MBHbie HaCTMI4bl B COOTBeTCTBMM c 

HacTOHLAMM M3o6peTeHMeM b cpeAHeM 
HecKonbKO AnMHHee o6biHHbix nacTMi^, to ohm 

COBepLLieHHO HeTKO 6yAyT MMeTb OOnbLUMM 

cpeAHMM o6"beM oahom HacTMi^bi. 

MenKMe TBepAbie a6pa3MBHbie nacTMi^bi b 
cooTBeTCTBMM c HacToaLU,MM M3o6peTeHMeM 

aBnatOTCa HeCMMMeTpMHHbIMM OTHOCMTenbHO 

npoAonbHoro pasMepa m coAep>KaT b nio6oM 
qtpaKL4MM no pa3MepaM nacTMi4 6onee 25%, a 
npeMMyLAecTBeHHO no MeHbLuePi Mepe 30%, a 
eu^e nyHLue no MeHbuieM Mepe 50% nacTMi^ c 
K03c|Dc|3Mi4MeHTOM qbopMbi no MeHbiueM Mepe 2:1. 

MenKMe TBepAbie a6pa3MBHbie HacTMU,bi M3 
OKCMAa anioMMHMa, nonyneHHbie npM oGbNHOM 
BanKOBOM ApoGneHMM, MMeioT b nio6oM 
nonyneHHOM qbpaKi4MM no pa3MepaM nacTMU He 
6onee 25%, a o6bNHO opMeHTMpoBOHHO 19-25% 

H3CTML4 C K03C)DCtDMI4MeHT0M CjDOpMbl no MeHbLUeM 

Mepe 2:1. npeACTaBnaeTca, hto stot pe3ynbTaT 
CBa3aH CKopee c bmaom npoi^ecca nonyneHMa, 

HeM C KOHKpeTHbIM BMAOM OKCMAa anKJMMHMa, M3 

KOToporo o6pa30BaHbi MenKMe TBepAbie 
a6pa3MBHbie nacTMi^bi. TaKMM o6pa30M, MenKMe 
TBepAbie a6pa3MBHbie nacTMi^bi b cooTBeTCTBMM 
c HacToaLAMM M3o6peTeHMeM neTKO OTnMHaioTca 
ot paHee M3BecTHbix nacTMi^. 3to HaM6onee 
apKO npoaBnaeTca 3a cneT ynyniueHMa 
a6pa3MBHbix cbomctb (cbomctb LunMqboBaHMa) 

HaCTML^ B COOTBeTCTBMM C HaCTOaiAMM 

M3o6peTeHMeM, hto noATBep>KAaeTca 
npuBefleHHbiMM flanee npuMepaMM. 

Ha qbMr. 1 npMBeAeHa KpMBaa 
AMqbcf)epeHL4ManbHoro TepMMHecKoro aHanM3a 
nocesiHHoro 3onb-renb OKCMAa antoMMHMfl. 

Ha qbMr. 2 noKasaH ynpoiAeHHbiM bma 
cnepeAM ycTpoMCTBa, npM noMoiAM KOToporo 
MO>KeT 6biTb ocyiAecTBneH npoi^ecc b 
cooTBeTCTBMM c HacTOfliAMM M3o6peTeHMeM . 

H3 paccMOTpeHMa qbMr. 1 , Ha kotopom 
npMBeAeHa KpMBaa Anc|DO>epeHi4ManbHoro 
TepMMHecKoro aHanM3a, mokho BMAeTb, hto 
opMeHTMpoBOHHO npM TeMnepaType 400°C 
MMeeTca 3HAOTepMa. 3to yKa3biBaeT Ha noTepfo 
neTyHMX (cnoco6Hbix k McnapeHMio) 
KOMnoHeHTOB, BKn^naa bo Ay, a TaioKe KMcnoTy m 
conb npoAyKTOB pa3no>KeHMa. MMeHHO 3Ta 
noTepa neTyHMX KOMnoHeHTOB m Bbi3biBaeT 
B3pbiBHoe npeBpaiAeHMe b nopoiuoK. 
CoBepujeHO acHO, hto, neM 6bicTpee npoTeKaeT 
3Ta noTepa, TeM Sonee B3pbiBHbiM 6yAeT 
pa3no>KeHne. n pn aoct n>Ke hum opMeHTMpoBOHHO 
600°C KonMHecTBO neTyHMX KOMnoHeHTOB, 
KOTopbie Aon>KHbi 6biTb yAaneHbi, y>Ke 
cymecTBeHHO yMeHbLuaeTca m 3aBepi_uaeTca 
npeo6pa30BaHMe OKCMAa anfOMMHMa b 
6e3BOAHbie qba3bi, TaKMe KaK raMMa-OKCMA 
anioMMHMa. npM eu^e 6onee BbicoKMX 
TeMnepaTypax HaHMHaeTca npeo6pa30BaHMe b 
anbcjDa-qtia3y. flna 3onb-renb MaTepManoB c 
3aTpaBKOM sto cnynaeTca opMeHTMpoBOHHO npM 
TeMnepaType 1150°C MnM Aa>Ke HM>Ke. Oto 
yKa3aHO nMKOM Ha qbMr. 1 . flna sonb-rena 6e3 
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3aTpaBKH KpuBaiR 6yfleT oneHb noxoKew, oflHaKO 
nuK anbcjDa-npeo6pa30BaHMfi 6yAeT nonyneH npw 
6onee BbicoKOM TeMnepaType, bosmowho, npn 
1250°C. 

flrm npaKTunecKoro ocyLnecTBneHMfl 
HacTOiRLij.ero M3ob~peTeHMn HeooxoAMMO TonbKO 
npon3BecTM HarpeB ao TeMnepaTypbi, npn 
kotopom HaMHeTCfi BbifleneHne neTyMux 
KOMnoHei-rroB. ^cho, hto TeMnepaTypbi, KOTopbie 
npeBbiujaHDT MMHMManbHbie, oriaronpMflTCTByioT 
npoL^eccy SbicTporo pasjioKem/m, KOTopbiM 

MMeeT MaKCHMaJlbHblM B3pblBHOM 3CpC|DeKT. 

OflHaKO ecriM HarpeB nponcTeKaeT AOCTaTOHHO 
6bicTpo, to flaxe yMepeHHbie TeMnepaTypbi Ha 
HH>KHeM KOHi4e yKa3aHHbix Anana30HOB MoryT 
ncnorib30BaTbcn AOCTaTOHHO acjDcjDeKTkiBHO. 

Ecnn ncnonb3yioTCfl TeMnepaTypbi Ha 
HH>KHeM KOHi^e yKa3aHHbix Anana30HOB (Korfla 
e^e He o6pa30BaH anbcfta-OKCMA anfOMMHH^), to 
npeBpamaeMbiM b nopoujoK B3pbiBHbiM o6pa30M 
MaTepnan Aon>KeH SbiTb noABepmyT 
AonoxiHUTeribHOM onepaunw o6>Knra Ana 
3aBepiueHMfl npeo6pa30BaHns b anbqba-cf)a3y v\ 
(ecnn 3to HaAo) aha cneKaHMfl MaTepMana ao 
rnaBHbiM oo"pa30M TeopeTunecKOM nnoTHOCTM 
(o6bNHO 6onee 95% ot Hee). Xoth sto m 
Bbi3biBaeT AonoriHMTenbHbie pacxoAbi, ho sto 
no3BonneT ncnonb30BaTb MaTepnanbi b 
Potophom neHM, KOTopbie flBnnioTCfl HaMHoro 
6oriee KpenKHMH n cymecTBeHHO 6onee 
AeiueBbiMM, hgm Tpy6KH M3 KapGnAa KpeMHua, 
KOTopbie flBJiflioTCfl CTaHAapTHbiMM Ana nenePi, b 
KOTopbix Bee onepaL4MM nponcTeKaioT 
OAHOBpeMeHHO (b oahom npouecce). 

riepeA npoBeAeHweM B3pbiBHoro 

npeBpameHna b noponioK 30Jib-renb okcma 
anioMUHMjq o6bNHO noABepraeTC^ cyiuKe npn 
TeMnepaType HM>Ke opueHTupoBOHHO 200°C, a 
b~onee npeAnoHTHTenbHO npn cymecTBeHHO 
oonee hh3kom TeMnepaType, HanpuMep b 
Anana30He opueHTupoBOHHO ot 75 flo 175°C. 

KaK sto 6bino yKa3aHO paHee, b BbicLuefi 
CTeneHM >KenaTeribHO ooecneHMBaTb bo3mo>kho 
6onee SbicTpbiM HarpeB oonbUJMX nacTMij 
BbicyiueHHoro 3orib-rerib MaTepnana Ann 
AQCTM>KeHMjR MaKCHManbHoro pacLunpeHna v\ 
B3pbiBHoro npeBpaLAeHMsq b nopoiuoK. 
YKa3aHHbiM Tpe6oBaHHflM OTBenaeT noKa3aHHoe 
Ha cjDnr. 2 ycTpoMCTBO. 3to yCTpOMCTBO 
M3o6pa>KeHO ynpomeHO b BMAe cnepeAM n 
nacTUHHO b ceneHnn. flpo6neHHbie BbicyiueHHbie 
HacTni^bi 3onb-renb OKCMAa anfOMMHMfl 
AnaMeTpoM opueHTupoBOHHO OT 0,5 AO 1 CM 
noAatoTcs b oyHKep 1 , M3 KOToporo ohm 
nocTynaioT b Bn6pai4MOHHbiti nuTaTerib 2, a 
3aTeM bo btopom nuTaTefib 3. M3 SToro 
nMTaTena HacTMi^bi nocTynaioT b B03Ayu-iHbiM 
otboa 4, b kotopom npoM3BOAMTcn ycKopeHMe 
nacTni4 noTOKOM c>KaToro B03Ayxa, 
nocTynaioLAero nepe3 KaHan 5. 3tot noTOK 
TpaHcnopTupyeT nacTnubi no Tpy6onpoBOAy 6 b 
poTopHyio nenb 7, v\Me\o\±\y\o BepxHMM n hmxhmm 

KOHU,bl, H BBOAUT MX B TOHKy 8 BOT1M3H 30Hbl 

HarpeBa BHyTpM nenn. [~lpM BXOAe nacTMi4 b 30Hy 
HarpeBa ohm B3pbiBaioTCfl 3 a nonyneHHbiM 
nopoiuoK BbixoAMT ^epes hm>khhm KOHei4 ne^M 9. 

B npouecce BspbiBHoro npeBpameHMfl b 
nopoujoK HarpeB komkob BbicyLueHHoro rena 
npeMMymecTBeHHO ocyu4ecTBJifleTCfl 6bicTpo, 

HT06bl AOCTMHb MaKCMMaJlbHOrO B3pblBHOrO 

3c(Dcf)eKTa. HecMOTpa Ha to hto MoryT 6~biTb 
Mcnonb30BaHbi pa3riMHHbie KOHCTpyKi^MH neneM 3 
OTBeHahOLL^He STOMy Tpe6oBaHMK3 3 KOTopbie 
OTJiMMaioTCfl ot neHM, noKa3aHHoCi Ha cf)Mr. 2, 
npeMMymecTBeHHOM neMbio An^ ocyii^ecTBrieHMfl 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



HacTOflinero nponecca n&nneTcn poTopHaa 
nenb, KOTopaa coAep>KMT Tpy6Ky, 
pacnono>KeHHyio noA yrnoM k ropM30HTanM m 
WMeHDLHyiO B03MO>KHOCTb BpaLi^eHMfi BOKpyr 
CBoeM ocm; HarpeB stom TpySKM npoM3BOAMTC?i 
3a GHeT noABOAMMoro CHapy>KM Tenna. 3a CMeT 
BpaLu,eHM?i Tpy6KM komkm ^acTMLj BHyTpM Hee 

HaXOAflTCfl B nOCTOHHHOM ABM>KeHMM M Bee 

nacTML^bi 3tmx KycKOB noABepraioTCfi HarpeBy 

npM KOHTaKTe C Tpy6KOM. CKOpOCTb Bpau^eHMfl 

Tpy6KM m yron ee HaKJioHa onpeAermioT BpeMa 
Haxo>KAeHMfi MaTepMana BHyTpM neHM. 3tm 
napaMeTpbi npeMMymecTBeHHO perynnpyhDT 
TaKMM o6pa30M, HTo6bi ncnapeHMe McnapaeMbix 
MaTepManoB M3HyTpM komkob npoMcxoAMno 
cpa3y, a He nocTeneHHO. 3to no3Bon?ieT 
HacTMi4aM, o6pa3yeMbiM nocne B3pbiBHoro 
pa3MeribHeHMiR komkob, MMeTb MaKCMMaribHoe 
BpeMiR Ann o6>KMra m ynnoTHeHMfl. 

l~lo >KeriaHMio MoryT 6biTb Mcnorib30BaHbi m 
Apyrne KOHCTpyKLiMM neneM, b tom HMcne m neHM 
nepMOAMHecKoro aswctbm^, bo3mo>kho c 
nceBAOo>KM>KeHHbiMM cjio^mm, a TaioKe neHM c 

MMKpOBOJIHOBblM MJ1M MHfly KI^MOH H bIM HarpeBOM. 

PoTopHafi nenb, KOTopaa Mcnorib3yeTC?i c 
TaKMMM TeMnepaTypaMM o6>KMra, KOTopbie 
Heo6xoAMMbi fxnn cneKaHMa OKCMAa anioMMHMfl, 
oSbNHO MMeeT Tpy6Ky M3 KapSMAa KpeMHua. 3to 

Bbl3B3HO TeM, MTO TaKafl Tpy^Ka MO>KeT 
BblA©P>KMBaTb C|DM3MHeCKMe Tpe6oBaHMfl 

npoLiecca, b tom HMcne m BapMai4MM 
TeMnepaTypbi BAorib ee ahmhw m pa3JiMHHbie 
Harpy3KM b pa3JiMHHbix TOHKax BAorib Annnbi 
Tpy6KM. KapSMA KpeMHM?i TaioKe cnocoSeH 

BblAep>KMBaTb B03AeMCTBMe J1K36blX KMCnOTHblX 

ra30B, KOTopbie MoryT B03HMKaTb, HanpuMep npM 
yAaneHMM oct3tkob HMTpaTa. Egjim Bee >Ke nenb 
npeAHa3HaneHa Ann npoBeAeHMfi B3pbiBHoro 
npeBpameHMfl b nopoujoK m npeo6pa30BaHMfl b 
aribcjDa-cjDopMy npM TeMnepaTypax HMxe rex, 
KorAa npoMcxoAMT nonHoe cneKaHMe, to 
bo3mo>kho ncnonb30BaHne MeTannMHecKMX 
cnnaBOB, KOTopbie MoryT BbiAep>KMBaTb 
TeMnepaTypbi opMeHTMpoBOHHO ao 1200°C, 
TaKnx KaK Inconel. 

npM Mcnorib30BaHMM poTopHOM neHM Ann 
ocymecTBneHMfl npoi^ecca b cooTBeTCTBMM c 
HacTOflLi^MM M3o6peTeHneM Tpe6yeTcn BpeMn 
npe6biBaHMfi MaTepMana b 30He HarpeBa 

OpMeHTMpOBOHHO OT 1 C AO 30 MMH, a 

npeMMymecTBeHHO opueHTMpoBOHHO ot 2 c ao 

20 MMH. flfin AOCTM>KeHMfl T3KMX BpeMeH 

npeSbiBaHMfl yron noA^eMa TpyGKM 
npeMMymecTBeHHO aojdkbh cocTaBnnTb 
opMeHTMpoBOHHO ot 1 ao 60°, a 6onee 
npeAnoHTMTeribHO opueHTMpoBOHHO ot 3 ao 
20 °, npM ckopoctm BpameHMn 
npeMMymecTBeHHO ot 0,5 ao 20 o6/mmh, a 
6onee npeAnoHTMTeribHO opMeHTMpoBOHHO ot 1 
AO 15 o6/mmh. 

l~lpM o6>KMre 30Jib-rerib okcmasi aiiHDMMHMn c 
3aTpaBKOM TeMnepaTypa o6>KMra b 30He HarpeBa 

pOTOpHOM neHM 06bNH0 COCTaBJlfieT 

opMeHTMpoBOHHO ot 400 ao 1500°C, a 6onee 
npeAnoHTMTeribHO opMeHTMpoBOHHO ot 600 ao 
1400°C. l~lpM o6>KMre 3orib-renb OKCMAa 
arikDMMHMn 6e3 3aTpaBKM TeMnepaTypa o6>KMra b 
30He HarpeBa poTopHOM neHM o6bNHO 

COCTaBJIfieT OpMeHTMpoBOHHO OT 400 AO 

1650 °C, a conee npeAnoHTMTeribHO 
opueHTupoBOHHO ot 600 ao 1550°C. 

MacTMi^bi, nonyneHHbie npM noMou^M 
npoi4ecca B3pbiBHoro npeBpau^eHMn b nopoujoK 

B COOTBeTCTBMM C HaCTOJRLUMM M306peTeHMeM, 
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MMeiOT Bbipa>KeHHblM K03C|DCj3MI4MeHT CjDOpMbl, TO 

ecTb oflHH M3 pa3MepoB nacTMU cymecTBeHHO 
6oribLue nioooro flpyroro. TaKne nacTni^bi 
ocoGeHHO none3Hbi Ann co3flaHna a6pa3HBHbix 

nOKpblTMM. 

npOL^eCC B COOTBeTCTBMM C HaCTOnLL^MM 
M306pGTGHHGM npMMeHMM RT\9] BCeX TMIIOB 

npon3BOACTBa 3onb-renb HacTWU,, b oco6eHHOCTM 
ecnn ohm npe,qHa3HaHeHbi Ann co3AaHMn 
a6pa3HBHbix noKpbiTMM. 3orib-rerib MO>KeT 6biTb 
o6pa30BaH c 3aTpaBKOM v\nv\ 6e3 Hee, 
eflUHCTBeHHoe omnHne 3aKnK>naeTcn b tom, hto 
o6bNHO Ann 3onb-renn 6e3 saipaBKH TpeoyeTcn 
6onee BbicoKan TeMnepaTypa o6">Knra. 3tot 
npou,ecc MoxeT 6biTb TaioKe npniweHeH Ann 
o6>KMra okcmaob anioMMHMn, KorAa oneHb 
MeriKne o6o>K>KeHHbie nacTMLjbi anbqba-OKCMAa 
ariHDMUHMn o6pasyfOT 6jiokm c HacTMHHO 
060>IOKeHHblMM MaCTML^aMU n nponHTbiBaioTCfl 
^MAKOCTbK), a 3aTeM noABeprafOTcn B3pbiBHOMy 
npeBpaLAeHUfo b nopoiuoK Ann nonyneHMn 
a6pa3MBHbix HacTMi4. 

TaK KaK npouecc b cooTBeTCTBMH c 
HacTOflLUMM M3o6peTeHneM nosBonneT 
ycTpaHMTb CTaAHfo qbM3MHecKoro npeBpam,eHMn 
b nopoujoK, TunnMHyK) Ann Bcex paHee 
M3BecTHbix npoi^eccoB, to BbicyiueHHbiM rerib 
MoxeT 6biTb HenocpeACTBeHHO HanpaBneH b 
nenb M3 cyujujiKH. 3to cyu^ecTBeHHO coKpaujaeT 
BpeMjR m no3BormeT SKOHOMMTb 3Heprnfo. 

OnucaHne npenMyLnecTBeHHbix BapnaHTOB 
ocyinecTBneHwa HacTO£i_i4ero M3o6peTeHH^. 

npOl^eCC B COOTBeTCTBMM C HaCTOnUJ.MM 

M3o6peTeHneM oyAeT Ranee onucaH Ann 
MacTHoro cnynan o6>Knra nocenHHoro 3onb-renb 
oKGHAa ajuoMUHun b potophom neHM. 
ripMBeAeHHbie npwiviepbi AaHbi b KanecTBe 
MnritocTpai^nM w He orpaHUHMBaKJT o6-beM 
naTeHTHbix npnTE3aHWM. 
ripMMep 1 . 

B CMecnTenb Pocca 6binn 3arpy>KeHbi 74,657 
r AsnoHM3npoBaHHoPi BOAbi n cycneH3nn 
3aTpaBKH aribc(Da-OKCHAa ariK)MHHnn, MMefom.an 
nnoLi^aAb noBepxHOCTM BET okojio 120 M 2 /r, 
nonyneHHan AoSaBKOM 6,000 r 6%-hom 
cycneH3MM 3aTpaBKM b AeMOHM3MpoBaHHofi boa© 
b 10,000 r flenoHM3npoBaHHOM BOAbi. Bbin TaioKe 
Ao6aBfieH oeMMT (KOTopbiM npoAaeTcn noA 
ToproBOM MapKOM Disperal cjonpiwioPi Condea 
GmbH) b Konn^ecTBe 36,00 Kr; CMecb 6bina 
oTKaneHa (6bin co3flaH BaKyyM) w nepeMeiuaHa b 
TeneHne 5 mmh. riocne 3Toro npon3BOAHJiacb 
Ao6aBKa pacTBopa 1,671 r 70%-hom a30THOM 
KucnoTbi b 5,014 r flenoHM3npoBaHHOM BOftbi npn 
cox pa He hum BaKyyMa m npn n poAon>KeH m m 
nepeMeniMBaHMn em,e b TeneHMe 5-10 mmh. 
nocne 3Toro BaKyyM o"bin chst, m CMecb 6bira 
>KenaTMHnpoBaHa nyTeM ee nponycKaHun ^epe3 
nocneAOBaTeribHbiM CMecnTerib-roMoreHM3aTop 
npn BBOAe b ciwecb pacTBopa 1,671 r 70%-hoCi 

330THOM KMCJIOTbl B 5,014 T A©^OHM3MpOBaHHOM 
BOAbi . 

Terib 6bin BbicyujeH n pa3MeribHeH Ha komkh 
pa3MepaMM opueHTupoBOHHO ot 0,25 ao 1 cm; 
3th BbicyiueHHbie 3orib-reneBbie komkm 3aTeM 
HenocpeACTBeHHO noAaBaTincb b nenb. flenb 
coAep>Kana Tpy6"Ky M3 KapSnAa KpeMHun AnMHOM 
213 cm n AUSiMSTpoM 15 cm c 30HOM HarpeBa 50 
cm, b KOTopoti noAAep>KHBaTiacb TeMnepaTypa 
1405°C. TpySKa 6biJia HaKJiOHeHa Ha 6° k 
ropn30HTann n Bpamanacb co CKopocTbto okojio 
18 o6/mmh. 

Komkm B3pbiBHbiM o6pasoM npeBpamajincb b 
nopoiuoK, H3 KOToporo Ann npoBeAeHun 
c)DH3MHecKMX Men biTaHUM 6bina npon3BeAeHa 
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BbiSopKa c pa3MepaMH MeriKnx TBepAbix 
a6pa3HBHbix nacTMU, b Anana30He 50 T 
( > 300 \a < 355 mkm). BpeMn o6>Knra MaTepnana 
npn npoxo>KAeHnn poTopHofi nenn cocTaBnnno 
opueHTupoBOHHO 1-2 muh. 06 o>K>Ke h h b i e MeriKne 
TBepAbie a6pa3MBHbie nacTMi^bi MMeiiM 
nnoTHOCTb BbiLue 3,8 t/cm 3 n BKJifOHann b ceon 
MUKpoKpucTannnTbi OKCHAa ariJOMUHun 
AnaMeTpoM okojio 0,2 mkm. 

flnn npoBeAeHun cpaBHeHun tot >Ke caMbiPi 
sorib-rerib cocTaB BbicyiunBancn TaKUM xe 
o6pa30M, a 3aTeM noABeprancn Apo6neHMio 
Ban KaMM Ann nony^eHkin nacTMU c pa3MepaMH 
-24 Meuj (< 710 mkm), KOTopbie 3aTeM 
npoKannBanncb npn TeMnepaType OKono 800 °C 
nepeA npoBeAeHneM o6bNHoro M3BecTHoro 
o6>Knra b o6bHHOM poTopHoPi nenn. rionyHeHHbm 
nopoiuoK coAep>Kan TaKne ym cy6MMKpoHHbie 
KpucTannMTbi okchasi anKJMi/iHun, hto h 
nopoiuoK, nonyneHHbiCi B3pbiBHbiM o6pa30M b 
COOTBeTCTBMM c HacTonLJ^MM M3o6peTeHneM . 

nocne GToro 6binn n3roTOBneHbi Asa 
oSpasi^a Ha a6pa3MBHbix neHTax c 
Mcnonb30BaHMeM OAMHaKOBbix KonnnecTB 
nopoujKa, ocHOBbi v\ pa3MepoB HacTi/114 
noKpbiTun. Ka>KAan neHTa AnnHOM 152,4 cm m 
LUMpuHOM 6,4 cm coAep>Kana 590 r MenKHX 
TBepAbix a6pa3MBHbix nacTHU Ha KBaApaTHbiM 
MeTp nnom,aAH ee noBepxHOCTM. JleHTbi 

npHBOAMnHCb B ABM>KeHHe CO CKOpOCTbHD 

noBepxHOCTH 9.000 m/mmh m ncnonb30Banncb 
Ann CHnTun (coujnucjDOBKM) MeTanna c npyTKOB 
M3 Hep^aBefoiAew CTann MapKM 304 b TeneHne 4 
mmh npn BOAnHOM oxna>KAeHHM n npunoxeHHOM 
ycunnn 6,8 Kr. 

JleHTa, M3roTOBneHHan c ncnonb30BaHneM 
MenKMX TBepAbix a6pa3HBHbix nacTkiL4, 
nonyneHHbix TpaAHUnoHHbiM cnoco6oM, 
no3Bonnna CHnTb (cpe3aTb) 74 r MeTanna b 
TeneHne yKa3aHHoro nepnoAa BpeMeHM, b to 
BpeMn KaK neHTa, H3roTOBneHHan c 
Mcnonb30BaHneM MenKMX TBepAbix a6pa3HBHbix 
HacTMi^, nonyneHHbix B3pbiBHbiM o6pa30M b 
COOTBeTCTBMM c HacTonLU,MM M3o6peTeHMeM, 
no3BonMna CHnTb 94 r MeTanna, to ecTb Ha 27% 
6onbLiie. 

npMMep 2. 

BbicyujeHHbie komkm nocenHHoro 3onb-renb 
OKCMAa anKOMMHMn c pa3MepoM OKono +24 T 
( > 710 mkm) HenocpeACTBeHHO noAaBanMCb co 
CKOpOCTbHD OpMeHTMpOBOHHO OT 2,25 ao 4,5 ki7h 

b 3QHy HarpeBa b potophom neHM, b kotopom 
noAqep>KMBanacb TeMnepaTypa 1000°C, c 
Mcnonb30BaHMeM ycTpoMCTBa, noKa3aHHoro Ha 
cjDMr. 2. Hcnonb30Banacb TaKan >Ke nenb, KaK m 
b npMMepe 1 , ho TpyGKa Bpau^anacb co 
CKopocTbK) OKono 10 o6/mmh m 6bina HaKnoHeHa 

OpMeHTMpOBOHHO Ha 7° K TOpM30HTanM. 

MacTMUbi renn b neHM npeBpamanMCb B3pbiBHbiM 
o6pa30M b nopoiuoK; pacnpeAeneHMe no 
pa3MepaM nonyneHHbix MenKMX TBepAbix 
a6pa3HBHbix HacTi/114 npuBeAeHO b Ta6n. 1. 

l~lpM npoBeAeHMM OTAenbHOM onepau,MM 
nonyneHHbiM paHee B3pbiBHbiM o6pa30M 
MaTepMan noABeprancn AononHMTenbHOMy 
cneKaHMHD ao nnoTHOCTM CBbiiue 3,8 t/cm 3 ; 
AMana30H pa3MepoB cneneHHoro MaTepMana 
npuBeAeH b Ta6n. 2. 

flnn o6omx Ha6opoB MenKMX TBepAbix 
a6pa3MBHbix nacTMLJ, okcma anraMMHMn MMen 
4)opMy cy6MMKpoHHbix KpucTannnTOB. 

npMMep 3. 

B 3tom npMMepe onMcaHbi HOBbie MenKMe 

TBepAbie a6pa3MBHbie HaCTML4bl B COOTBeTCTBMM 

c HacTonu4MM M3o6peTeHMeM m mx 
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npuroTOBneHne. 

3eneHbiM noceaHHbiM (3aTpaBOHHbiM) rerib 
OKCufla ankDMMHMa 6bin npuroTOBneH 
cneAyfOLL^HM o6pa30M. B CMecnTenb Ana 
BbicoKOTBepflbix Beu^ecTB Jaygo, KOTopbiM 6bin 
o6opyflOBaH AByMa CMrMa-nonacraMM m 
SKCTpysnoHHbiM i_UHGKOivi 3 noMemanM 148 Kr 
6eMMTa, KOTopbM nocraBnaeTca c(dmpmom 
Condea noA ToproBbiM Ha3BaHkieM Disperal, v\ 40 
Kr AenoHM3npoBaHHOM BOAbi. 3aTeM 3Ty civiecb 
nepeMeLUMBann opueHTupoBOHHO b TeneHne 5 
mmh npn noMouj,M LLiHeKa, KOTopbiM Bpaujanca B 
o6paTHOM HanpaBneHUM. nocne 3Toro 
AooaBnanM BOAHyK) cycneH3Hfo anbefca-OKCMAa 
aniOMMHMa (29 Kr 4%-hom Ancnepcun TBepAbix 
Beu^ecTB anbcf)a-OKCHAa anioMMHMa c nnomaAbio 
noBepxHOCTH BET conee 110 M 2 /r) n 
nepeMeiuMBaHMe npoAonwanM eu^e b TeneHne 8 
mmh. nocne SToro AooaBnanM 30 Kr 22%-hom 
330THOM KucnoTbi m nepeMeiuMBaHMe 
npoAonxajiM eu^e b TeneHne 20 mmh. HaKOHeui 

BKJlfOHaJIM 3KCTpy3MOHHblM LUHeK Ana BpailjeHMa 

b npaMOM HanpaBneHMH v\ npon3BOAMJin 
3KCTpy3Hfo rena nepe3 3KCTpy3MOHHyfo ronoBKy 
pa3MepoM 6,3 mm. nocne 3Toro 
3KCTpyAnpoBaHHbiCi renb BbicyiuMBanca ao 
coAep>KaHM?i BOAbi OKono 30-35% no Becy. 
3aTeM BbicyLueHHbiCi 3KcrpyAnpoBaHHbiM renb 
pa3Aen^nn Ha flBe nacTH. 

nepBaa MacTb noABepranacb AP°6neHMio 
BanKaMU, npoKanMBanacb npn TeMnepaType 
600-800°C, a 3aTeM cneKanacb bo 
BpaLAafOLnewcfi ne^i/i ao nonyneHMa nnoTHOCTH 
6onee 97% TeopeTMHecKoro 3HaneHMa. nocne 
3Toro npon3BOAnnocb npocenBaHne cneneHHbix 
Men kmx TBepAbix a6pa3MBHbix HacTMi4 Ana 
OTAeneHMa pa3Mepa SOT (> 300 m < 355 mkm); 
saTeM npon3BOAnnacb oueHKa stmx nacTMU no 

MX K03Cf)CjDML|MeHTy CpOpMbl M MX CBOMCTBaM 
LUnMCjDOBaHMfl (a6pa3MBHblM CBOMCTBaM). 3Ta 

cjDpaKi^Mfl npeACTaBnaeT cooom TpaAMU,MOHHbie 
(oSbNHbie), nonyMeHHbie ApooneHMeM BamaMU 
m MMefOLHne cna6yK) cf)opMy MenKne TBepAbie 
a6pa3HBHbie HacTMi^bi 3onb-renb OKCMAa 
aniOMMHMfl. 

BTopaa nopi4Mfl noABepranacb o6"pa6oTKe b 
cooTBeTCTBMH c TexHonorMefi, OnMCaHHOM b 
npMMepe 2, ao nonyneHMa nnoTHOCTM oonee 
97% TeopeTMHecKOM, 3a TeM MCKnroneHMeM, hto 
MaTepnan, KOTopbiM Aon>KeH 6bin B3pbiBHbiM 
o6pa30M npeo6pa30BaH b nopoujoK, 
npeABapnTenbHO npoceMBanca nepe3 aneMKM 
+10 Mem (> 2 mm) Ana yAaneHMa MenKMX 
HacTMi^. nocne 3Toro npon3BOAMnocb 
aHanorMHHoe npoceMBaHne nonyneHHoro 
B3pbiBHbiM o6pa30M npoAyKTa Ana OTAeneHMa 
pa3Mepa 50T (> 300 n < 355 mkm); 3aTeM 
npoM3BOAnnacb ou,eHKa stmx nacTMU, no mx 

K03C)DCt)MI4HeHTy CjDOpMbl M MX CBOMCTBaM 

Lunnc(DOBaHMq (a6pa3HBHbiM cbomctbsm). 

Ol^eHKa HaCTML^ no K03C|DC|DHI4HeHTy CfDOpMbl. 

MenKne TBepAbie a6pa3MBHbie MacTMi4bi Ana 
npoBeAeHMfi aHanM3a npoceMBanM b AMana30He 
-45+50 (< 355 mkm m > 300 mkm) atia OTAeneHMfl 
pa3Mepa SOT MnM b A^ana30He -30 +35 (< 600 
MKM M > 500 mkm) Ana OTAeneHun pa3Mepa 36T. 

flna oi4eHKM Mcnonb30Banacb HepHO-6ena^ 
KaMepa c BbicoKMM pa3peiueHMeM Dage MTIO 
PA-81 npoM3BOACTBa cfwpMbi Nicon Micro 
Nikkor; MaKponMH3a 55 mm Sbina ycTaHOBneHa 
Ha 0OTOCTeHAe Bencher M2 ati?i nony^eHna 
M3o6pa>KeHMM MenKMX TBepAbix a6pa3MBHbix 
nacTMi^. MenKMe TBepAbie a6pa3MBHbie nacTMi^bi 
pacnpeAenanM Ha nepHOM 6yMare (Ana Genbix 
nacTMU,) m nonynanM cjDOTorpacjDMfo MHOxecTBa 
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L iacTML4 b none 3peHna. 

OcBem,eHMe o6ecneHMBanocb TonbKO 
noTonoHHOM nhDMMHeci_|eHTHOM naMnoM, npM 
3tom MCKnioHanocb M36biTOHHoe ocBemeHMe MJ1M 
o6pa30BaHne TeHeM. 

KaMepa ycTaHaBnMBanacb Ha cjDOTOCTeHAe c 
Mcnonb30BaHMeM BepxHero OTBepcTMfl b 
MOHTa>KHOM KpoHLUTeMHe m L^eHTpanbHoro 
OTBepcTMfi b 3aAHeM nacTM KaMepbi; 
BepTMKanbHbiM 6eryHOK Ha cjDOTOCTeHAe 6bin 
3aKpenneH b nono>KeHMM 44 cm. AnepTypa 
nnH3bi (o6"beKTMBa) 6bina ycTaHOBneHa Ha F-2,8. 
KanM^poBKa CMCTeMbi npoM3BOAMnacb npM 
ycTaHOBKe MeTpMHecKOM nMHeMKM Ha ocHOBaHMe 
cjDOTOCTeHAa, npM cfoKycMpoBKe KaMepbi m npM 
ycTaHOBKe >KenaTenbHOM AnMHbi nMHMM, KOTopaa 
Ha npaKTMKe paBH^nacb 10 mm. 

MepHaa oyMara c MenKMMM TBepAbiMM 

a6pa3MBHblMM MaCTMI^aMM Ha HeM 

nepeMeu^anacb b pa3nMHHbie nonn 3peHMfl Ana 
npoBeAeHMfi aHanM3a pa3nnHHbix nacTMU. 

H306pa>KeHMfl CjDMKCMpOBanMCb M 

aHanM3MpoBanMCb c Mcnonb30BaHMeM CMCTeMbi 
cjDopMMpoBaHMa M3o6pa>KeHMfl Compix C 
Imaging 1280 m nporpaMMHoro o6ecneHeHM?i 
Simple 51. npoBOAMnacb onepau,M?i 
OKOHTypMBaHMa Ana 6onee neTKoro BbiAeneHMa 
KpaeB nacTMi^ b nonyneHHOM M3o6pa>KeHMM. 
3aTeM nonynanM UMcj^poBoe M3o6pa>KeHMe m 
npoM3BOAMnM ero peAaKTMpoBaHMe Ana Toro, 
HTo6bi M36e>KaTb KacaHMa AByx CMexHbix 
a6pa3MBHbix nacTMU, MnM Ana Toro, HTo6bi 
ycTpaHMTb M3o6pa>KeHMe c aBHbiMM 

MCKa>KeHMaMM. MMHMManbHbIM pa3MepHbiM 
AMana30H Ana ASTeKTMpoBaHHOM HacTMi^bi 6bin 
ycTaHOBneH Ha 200 mkm 2 , Ana Toro HTo6bi 

yCTpaHMTb CjDOHOBbIM LUyM B M306pa>KeHMM , 

CBa3aHHbiM c cyMaroM (Ha kotopom paccbinaHbi 
HaCTMI^bl). npM TaKOM ycTaHOBKe 

o6ecneHMBaeTca aHanM3 Bcex nacTMi^ 6e3 
MCKnioneHMa. 

npM Mcnonb30BaHMM nporpaMMHoro 
oSecneneHMa Simple 51 npoM3BOAMnocb 
M3MepeHMe nnoiAaA^, MaKCMManbHOM AnMHbi m 
MaKCMManbHOM LUMpMHbi Ana Ka>KAOM nacTML^bi b 
none 3peHMa. Ha npaKTMKe npoM3BOAMnM 
M3MepeHMe yKa33HHbix napaMeTpoB Ana 
200-250 a6pa3MBHbix nacTMi^ b K3>kaom npo6e. 
Go6paHHbie AaHHbie 3aTeM BBOAMnMCb b 
nporpaMMHoe o6ecneneHMe Microsoft Exel 
(PeAaKi^Ma 5.0) Ana onpeAeneHMa cpeAHMX 
3HaneHMM, CTaHAapTHoro OTKnoHeHMa, 

KO3Cf)0MI4MeHTOB ($)OpMbl M APyrMX CBa3aHHblX 

HaKonneHHbix AaHHbix. 

Oi4eHKa cbomctb Lunnc|DOBaHMa. 

A6pa3MBHbie nacTMi^bi HaHOCMnM 

sneKTpocTaTMHecKM npM craHAapTHOM Bece Ha 
CTaHAapTHoe noKpbiTMe Ha TKaHeBOM ocHOBe, 
MMeioLAee cfjeHonbHoe (ms cjoeHonbHoro 
nonMMepa) aAre3MBHoe noKpbiTMe. nocne 3Toro 
npoM3BOAMnocb OTBep>KAeHMe aAre3MBa. 3aTeM 
c+jeHonbHoe pa3MepHoe noKpbiTMe HaHOCMnM 
noBepx a6pa3MBHbix nacTML4 m npoM3BOAMnM 
OTBep>KAeHMe pa3MepHoro noKpbiTMa. MaTepMan 
a6pa3MBHoro noKpbiTMa nepeHOCMnca Ha 
6ecKOHeHHyfo neHTy AnMHOM 152,4 cm m 
lumpmhom 6,35 cm. l/lcnbiTaHMe 3TOM neHTbi 

npOM3BOAMnOCb B pe>KMMe 0>MKCMpOBaHHOM 
Harpy3KM npM nMHeMHOM CKOpOCTM nOBepXHOCTM 

914,4 m/mmh, c Mcnonb3QBaHMeM BOAaHoro 
oxna>KAeHMa. n po m 3 bo AMn ocb pe3aHMe 
(coiunM4)OBKa) npyTKa HepxaBefomeM CTanM 
TMna 304 npM npMno>KeHHOM ycMnMM 6,8 Kr. 
nonHbiM Bee cpesaHHOM cranM onpeAenanM no 
MCTeneHMM 20 mmh. 



o 

CD 
00 



ro 
oo 

Ol 

OS 

o 



Bee MeriKne TBepflbie a6pa3MBHbie HacTMi^bi 
MMenM MUKpoKpucTajinnHecKyfo CTpyKTypy, 
o6pa30BaHHyK> KpucTannnTaiviM aribqba-OKCuiAa 
ariKDMUHM^ fluaivieTpoM OpMeHTMpOBOHHO ot 0,2 
flo 0,4 mkm, hto onpeflen^nocb MeTOAOM 
ycpeAHeHHOM tomkm nepeceneHi/m. 

Pe3ynbTaTbi oi_\eHKH CBeAeHbi b Ta6n. 3. 

1/13 nonyneHHbix pe3ynbTaTOB cneAyeT, hto 
npeBpa^eHHbie b nopowoK B3pbiBHbiM o6pa30M 
a6pa3HBHbie HacTMi^bi wiweioT cyu^ecTBeHHO 
6onee BbicoKne a6pa3MBHbie CBoficTBa 

(CBOMCTBa LUJIMCjDOBaHU^) M OHeHb CHJlbHO 

OTfiMHaioTCfl ot 3epeH cnao~oro pa3Mepa 
cpaBHUTenbHoro npwMepa, TaK KaK MMeioT 
HaMHoro conee BbicoKyto nponopi^Mfo 3epeH c 
OTHOLueHneM L/D, npeBbiiuaioLUMM nnn paBHbiM 

2,0. 

ripniviep 4. 

McnbiTaHne b stom npuMepe npoBOAnnocb 
napajinenbHO c npuMepoM 3, 3a TeM 
MCKfifOHeHneM, hto 6biJi ncnonb30BaH cnerKa 
OTJinnaioLAHMCfl 3orib-renb npoL^ecc. Bo Bcex 
Apyrux OTHOLiieHMflx npniviepbi 3 v\ 4 oflMHaKOBbi. 

Bbin ncnorib30BaH cneAyfOLAMM npoi^ecc 
nonyMeHMfi ao~pa3HBHbix nacTui^ atia cpaBHeHna 

M a6pa3MBHblX HaCTML^ B COOTBeTCTBI/IM c 

HacToaLAMM M3o6peTeHneM. 

B pe3epByap CMecHTerm 3arpy>Kann 908 Kr 
BOAbi, a TaioKe 118 Kr pa36aBJieHHoPi cycneH3MH 
3aTpaBKH anbcjDa-OKCMAa anHDMUHna, KOTopaa 
coAep>Kana 4% no Becy 3aTpaBKH anbqba-OKCHAa 
anioMUHMfl c nnoiAaAbfo noBepxHOCTH 6onee 
120 M 2 /r (KOTopaa 6bina nonyneHa 
pa3ManbiBaHneivi 8%-hom boahow A^icnepcMH 
cy6MMKpoHHoro anbqba OKCHAa anK)MHHi/m b 
MenbHui^e Sweco c ncnonb30BaHneM 

HH3KOnopHCTOW CpeAbl OKCHASI aJINDMUHUa 

Diamonite) n 41 Kr 21%-how a30THOM KucnoTbi. 
npoM3BOAnnocb nepeMeujMBaHMe CMecu c 

MCnOJ1b30BaHHeM BblCOKOCKOpOCTHOfi JionacTM 

AncnepraTopa, a 3aTei\/i npon3BOAnnacb OTKaHKa 
(cosAaBaricfl BaKyyM) Ana yAaneHMfl B03AyLUHbix 
ny3bipbKOB. nojiyneHHafl civiecb HMena pH okojio 
4. 3Ta Ancnepcufi 3aTeM 6bina 
roMoreHM3npoBaHa npoKanKOM nepe3 
nocneAOBaTeribHbiM roivioreHM3aTop coBMecTHO 

C 21%-HOPl a30THOM KUCflOTOM, KOTOpafl 

noAaBanacb co CKopocTbK) 0,6 ji/mhh. nocne 
3Toro npon3BOAnnacb cyiuKa nonyneHHoro rerm 
AO nonyneHMfl coAep>KaHMfl bo aw okotio 
30-35%. 

BbicyiueHHbiM renb 3aTeM pa3Aej"mncfl Ha 
ABe nacTM i/i npon3BOAwnacb AanbHewujafl 
o6pa6oTKa h OLjeHKa b cootbotctbhh c 
npMMepoM 3. Bbinn nonyneHbi pe3yribTaTbi, 
KOTopbie CBeAeHbi b Ta6n. 4. 

nonyMeHHbie AaHHbie TaioKe 

AOMOHCTpupyHDT, hto n b npoijecce c MaribiM 
co ao p>Ka h n e m TBepAbix BeiAecTB HMeeTca 
cyiAecTBeHHan pa3HHL\a Me>KAy a6pa3HBHbiMH 
HacTMi4aMM, nojiy^eHHbiMn TpaAHUHOHHbiM 
cnoco6oM, n nonyHeHHbiMn npn ncnonb30BaHnn 
npoL^ecca b cootbotctbhh c HacTOflLAHM 
M3o6peTeHneM. 

npniviep 5. 

B 3tom npuMepe ncnonb30BaH TaKOM we 
npou,ecc, hto m onuicaHHbiM b npniwepe 3, 3a 
MCKTiKDHeHneM oi^eHKH pa3Mepa a6pa3MBHbix 
MacTui^. BiviecTO Anana30Ha MacTui^ 50T 6binn 
npon3BeAeHbi OTAeneHne n oi4eHKa c(DpaKUMH 
pa3MepoM 36T. Bbinn nonyneHbi pe3yjibTaTbi, 
KOTopbie CBeAeHbi b Ta6n. 5. 

fla>Ke m b AaHHOM cjiynae, xotfi 
OTHOcnTenbHoe mucjio AnnHHbix a6pa3MBHbix 
MacTui^ cocTaBrmeT TonbKO 142% ot Mucna 
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nacTi/114, nonyneHHbix npn BariKOBOM APo6neHMM 
npn ncnorib30BaHnn TpaAnunoHHoro npouecca, 
nono>KMTenbHbiM 3c)Dcf)eKT b yriyHLueHMH 
a6pa3MBHbix cbomctb Bee eLAe ^BfifieTC^ 

OLUenOMJl^KDIAHM. 

ripuwep 6. 

B 3tom npMiviepe noKa3aHa BapMai^Mfl 
pa3MepoB m Beca ceivin MaTepnanoB Ana OAHoro 
n Toro Me CTaHAapTHoro pa3Mepa 45/50. Tpn 
MaTepnana npeACTaBJifltoT co6om pa3JiMHHbie 
npniviepbi nocenHHoro 3orib-renb MaTepnana 
OKCHAa anfOMMHWfl, npuneivi Ka>KAbiM M3 stmx 
MaTepnanoB 6bin nonyneH B3pbiBHbiM 
npeBpaLAeHneM b nopoiuoK b cooTBeTCTBUM c 
HacTOflLAMM M3o6peTeHneM. CpeAH Apyrux 
MaTepnanoB Tpw 6binn nonyneHbi npn iiomolam 
npoi^ecca BariKOBoro ApoSneHna M3 noce^HHoro 
sorib-reiib MaTepnana OKCMAa anfOMMHua, 
aHanornMHoro ncnorib30BaHHOMy npn B3pbiBHbiM 
npeBpaLAeHnn b nopoiuoK b cooTBeTCTBHi/i c 
HacTO^LAMM H3o6peTeHneM. CeAbiwioCi MaTepnan 
npeACTaBn^eT co6om MMeKDLAeecfl b npoAawe 
KOMMepnecKoe a6pa3MBHoe 3epHO H3 OKCMAa 
ariK)MMHMfl, KOTopoe BbinycKaeT cpupivia 3M 
Corporation noA ToproBbiM Ha3BaHneM "321 
Cubitron". Mokho nonaraTb, mto sto 3epHO 
n3roTOBneHO npn noMOLAn npoi^ecca 6e3 
3aTpaBKH 3orib-renb OKCMAa arifOMMHun, KorAa 

OKCMA aniOMMHMq MOAHC|DMI4MpOBaH He6onbLUMIVlM 

KonnnecTBaMM OKCMAa i/irrpi/ifl n okcmaob 
peAK03eMeribHbix MeTannoB. Mo>kho nonaraTb, 
hto MeriKwe TBepAbie a6pa3MBHbie nacTnubi 
nonyneHbi b pe3yribTaTe onepai^MM 
MexaHnnecKoro APO^neHUfl. Ohh niwetoT 
KpucTannnMecKyK) CTpyKTypy, KOTopa?i coAep>KHT 
KpucTanribi okchasl amoMUHna A^aMOTpoM ot 1 
AO 7 mkm, mto onpeAeneHO npn ncnorib30BaHMM 
MeTOAa ycpeAHeHHoPi tomkm nepeceHeHkm. 
Pe3ynbTaTbi CBeAeHbi b TaGn. 6. 

TexHMKa M3MepeHna cooTBeTCTByeT 
onucaHHoti b npuMepe 3, 3a TeM ncKJiHDHeHneM, 

MTO M3MepeHHfl BblCOTbl npOM3BOAHJ1 HCb c 

npuMeHeHneM HHTepcjDepoMeTpuHecKoCi TexHMKH 
n3MepeHMM b 6enoM CBeTe. flaHHbie 
noKa3biBaK0T, mto, HecMOTpa Ha to hto 
onpeAormfoiAUM pa3Mep a6pa3MBHOM MacTi/ii^bi 
(ujupMHa) OTnu^aeTCfl no Anana30HaM TonbKO Ha 
54 mkm, TaK KaK ncnonb3yeTCfl OAHa n Ta >Ke 
cjDpaKi^MjR Ana Bcex oSpasi^OB (45/50), npuneM 
KaK cpeAHne BbicoTbi, TaK n cpeAHne LunpMHbi 
noKpbiBaHDT nepeKpbiBaKJLA^ecfl A^ana30Hbi, 
ycpeAHeHHbie AnnHbi n CBfisaHHbie c humh 
ycpeAHeHHbie Beca 3aHMMaioT coBepujeHHO 
neTKO pa3nnHHbie Anana30Hbi, npw stom 

a6pa3MBHbie MaCTHL^bl B COOTBeTCTBMM c 

HacTOflLAMM n3o6peTeHneM 9\Bnn\CTC5\ 6onee 
AnMHHbiMn n Tn>KeribiMH, HeM nojiyHeHHbie npn 
BaJIKOBOM ApoorieHHM. 

cDopwiyna M3o6peTeHnsq: 

1 . Cnoco6 nonyHeHMS nopoujKoo6pa3Horo 
aribcjDa-OKCHAa anfOMMHMfl, npn kotopom 
npeALiiecTBeHHUK aribc|Da-OKCMAa ariHDMMHHfl, 
coAepxaLAnCi He MeHee 5 Mac .% cnoco6Hbix k 
ncnapeHUKD BeiAecTB, MmoBeHHO HarpeBaioT b 
nenn ao 400 - 1600°C, hto6n BbiSBaTb 
B3pbiBHoe pacujupeHne cnoco6Horo k 
ncnapeHM^ MaTepnana m M3MeribHeHMe 
npeALuecTBeHHUKa, nocne nero yKa33HHbiM 
npeALuecTBeHHUK BbiAepxuBaioT npn yKa3aHHOM 
TeMnepaType b TeneHne BpeMeHM , AOCTaTOHHoro 
Ana npeBpaiAeHun ero b anbqba-OKCHA 

aJIKDMMHMfl B BHA© nopOLUKa, B KOTOpOM 

coAep>KHTc^ 6onee 25% nacTMA c 
KoaqticjDHLJiMeHTOM cpopMbi no MeHbLuefi Mepe 2 : 
1. 
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2. Cnoco6 no n. 1 , OTnMHaioLAMMCfl TeM, hto 
nenb npeflCTaBrmeT co6oi/i Tpy6naTyK) 
Bpaii^aKDLnyhDCiR nenb. 

3. Cnoco6 no n.1, OTnMHaioLUMMCfl TeM, hto 
BpeMfi npe6biBaHH?i b 30He MaKCMManbHOM 
TeivinepaTypbi b nenn cocTaBrmeT 1 c - 30 mmh. 

4. Cnocoo" no n.2, OTnMHafon\ni?icfl Tew, hto 
Tpy6Ka HaKnoHeHa Ha yron 1 - 60° k 
ropn30HTann. 

5. Cnoco6 no n.4, OTnMHaioiuMMCfl TeM, hto 
TpySKa BpaLi^aeTCFi co CKopocTbKD 0,5 - 40 
o67mi/ih. 

6. Cnoco6 no n.1, OTnMHaioLAMMCfl TeM, hto 
noflaBaeMbifi b nenb cooraB, coAepwami/ifi 
BbicyLueHHbiM 3orib-rerib OKCMfla amoMUHM^, 
MMeeT coflep>KaHne 5 - 60 Mac.% cnocooHoro k 
ncnapeHMfo MaTepnana. 

7. Cnocoo" no n.1, OTnMHaiomMMCfl TeM, hto 
cociaB, co Ae p>Ka 114 n m BbicyiueHHbiM sonb-renb 
OKGHfla arifOMMHH^, noAaioT b nenb npaMO b 
HenocpeflCTBeHHOM 6riM30CTM ot 30Hbi HarpeBa. 

8. Cnocoo" no n.1, OTJiMHafoinnPicfl TeM, hto 
TeivinepaTypa m BpeMH npe6biBaHMJR b nenn 
flocTaTOHHbi Anfl o6pa30BaHMfl aribc|Da-c)Da3bi n 
Ana cneKaHna ao nnoTHOCTM no MeHbweM Mepe 
95% ot TeopeTunecKOM. 

9. Cnocoo" no n.1, OTnMHaioLUMMCfl TeM, hto 
TeivinepaTypa b neHM noAAep>KMBaeTCfl Huxe 
TeivinepaTypbi, Heo6xoflHMOM Ann cneKaHna 
OKCHAa anioMUHi'm, npnneM npeBpameHHbiM 
B3pbiBHbiM o6pa3QM b nopoujoK MaTepMan B 
nocrieAyioLL^eM cneKaeTcn ao TeopeTMHecKOM 
nnoTHOCTH. 

10. Cnocoo" no n.9 5 OTnMHaioLAMMCfl TeM, hto 
npeBpameHHbiw B3pbiBHbiM o6pa30iwi b nopoujoK 
MaTepMan noABepraeTca APO&neHMio a/ia 
AonojiHMTenbHoro yMeHbLueHna pa3Mepa nacTMi^ 
nepeA ero cneKaHMeM. 

11. Cnoco6 no n.9, OTfiMHatoLi^nCic^ TeM, hto 
npeBpaii4eHHbiM B3pbiBHbiM oo"pa30M b nopoujoK 
MaTepMan noABepraeTca ao npoBeAeHMfl 
onepai_\MM cneKaHMfl o6pa6oTKe pacTBopoM 
pacTBopuMOM conn MeTanna, BbiSpaHHoro H3 
rpynnbi, o6pa30BaHHOM peAKOseMenbHbiMM 
MeTanriaMM, nepexoAHbiMn MeTannaMM, 
pyBuflneivi, i^esweivi m UTTpneivi. 

12. Cnocoo" nojiyneHUfl nopoi_LiKoo6"pa3Horo 
anbtfa-OKCMAa antoMUHUfl, npn kotopom 
npeALuecTBeHHUK anbcfta-OKCMAa anioMMHMfl, 
co Ae p>Ka m n m 20 - 40 Mac.% cnoco6Hbix k 
ncnapeHMK) BeumecTB, noAaioT HenocpeACTBeHHo 
b 3QHy HarpeBa Tpy6naToPi potophom neHM, b 
kotopom noAAep>KMBaeTCiR TeivinepaTypa 600 - 
1500° m KOTopafl HaKnoHeHa k ropn30HTariM Ha 
yron 2 - 20° n BpamaeTCfl co CKopocTbio 2 - 20 
o67mmh, HTo6bi Bbi3BaTb B3pbiBHoe pacwMpeHMe 
cnoco6Horo k McnapeHMio iviaTepnana n 
M3MeribHeHne npeAwecTBeHHMKa, nocne Hero 
yKa3aHHbiPi npeALuecTBeHHUK b bi a© p>km Ba \ot npn 
yKa3aHHOM TeivinepaType b TeneHne BpeivieHU, 
AOCTaTOHHoro ppn npeBpameHMfl ero b 
aribcjDa-OKCMA anioMHHi/m b BMAe nopoiUKa. 
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13. CnocoG no n.1 2, OTnunaioLAMMCfl Teivi, hto 
TeivinepaTypa m Bpeivis npe6biBaHMH b nenn 
AOCTaTOHHbi Ana oo~pa30BaHHfl anbqoa-c£a3bi \a 
Ana cneKaHM?i ao nnoTHOCTM no MeHbLueCi Mepe 
95% ot TeopeTMHecKow. 

14. Cnoco6 no n.1 2, OTnunaioLAMMCfl Teivi, hto 
TeivinepaTypa b nenw noAA©P>KMBaeTCfl HM>Ke 
TeivinepaTypbi, h eoGxoAH mom ati?i cneKaHMa 
OKCHAa anioMMHUfl, npuneM npeBpaLi^eHHbiti 
B3pbiBHbiM o6pa30M b nopoujoK MaTepnan b 
nocneAyioLAeM cneKaeTca ao TeopeTunecKOM 
nnoTHocTn. 

15. CnocoG no n.14, OTnunaioLAMpicfl TeM, hto 
npeBpameHHbiM B3pbiBHbiM o6pa30M b nopowoK 
MaTepnan noABepraeTCfi ApoSneHnw Ana 
AononHHTenbHoro yMeHbuieHMfl pa3Mepa nacTMi^ 
nepeA ero cneKaHneM. 

16. Cnoco6 no n.14, OTnunaioLAMpicfi tsm, hto 
npeBpau^eHHbiM B3pbiBHbiM o6pa30M b nopoujoK 
MaTepnan noABepraeTca ao npoBeAeHun 
onepau.nn cneKaHHfl o6pa6oTKe pacTBopoM 
pacTBopMMOH conn MeTanna, Bbi6"paHHoro \A3 
rpynnbi, o6pa30BaHHoPi peAK03eMenbHbiMM 
MeTannaMH, nepexoAHbiMn MeTannaMM, 
py6nAMeM, L^weM n MTTpneM . 

17. A6pa3MBHbie HacTHU,bi H3 anb0a-OKCMAa 

aniOMHHMfl, KOTOpbie He CMMMeTpMHHbl 

OTHOCHTenbHO mx npoAonbHoro pa3Mepa, 
OTnMHaioLAMecfi TeM, hto b nio6oM nonyneHHOM 
c|DpaKL4MM nopoiUKa coAep>KMTCfl 6onee 25% 

yKa3aHHblX HaCTMU, C KOGCjDCjDMUjMeHTOM CjDOpMbl 

no MeHbiueM Mepe paBHOM 2:1, MMeioiAMX 
nnoTHOCTb no MeHbiueM Mepe 95% ot 
TeopeTMHecKOM. 

18. A6pa3MBHbie HacTMi4bi no n.1 7, 
OTnMHaK3L4Mecfi TeM, hto npoi^eHTHoe 
coAe p>Ka h m e yKa3aHHbix nacTMU, c 
K03qbc>MU,MeHTOM cf)opMbi 6onee neM 2 : 1 
npeBbiLuaeT 30%. 

19. A6pa3MBHbie nacTMU,bi no n. 17, 
OTnMHaioLU.Meca TeM, hto ohm coAep>KaT 
cneneHHbie KpMCTannbi OKCMAa anioMMHMa c 
pa3MepaMM 0,01 - 10 mkm. 

20. A6pa3MBHbie HacTMU,bi no n.1 7, 
OTnMHaioLUMecfi TeM, hto KpMCTannMTbi OKCMAa 
anioMMHMn ABnaioTCfl cy6MMKpoHHbiMM no 
pa3MepaM. 

21. A6pa3MBHbie nacTMU,bi no n. 17, 
OTnMHaioLUjMecfi TeM, hto ohm coAep>KaT 
cneneHHbiM okcma anioMMHMfi, 
MOAMCtDMI4MpOBaHHblM BBeAeHMeM AO 10%) 

OAHoro MnM HecKonbKMX okcmaob, Bbi6paHHbix M3 
rpynnbi, cocTOflmeM M3 okcmaob MamMfi, 
i^MpKOHMfl, peAKQ3eMenbHbix MeTannoB, 
nepexoAHbix MeTannoB, py^MAMa, i_\e3M?i m 

MTTpMFI. 

22. CBfl3aHHbiM a6pa3MBHbiM MaTepMan, 
OTnMHaioLUjMMca TeM, hto oh BKJiioHaeT b ce6a 
a6pa3MBHbie HacTMi4bi no nra6oMy M3 nn.17 - 21. 

23. HaHeceHHbiM Ha noAJ~io>KKy a6pa3MBHbiM 
MaTepMan, OTnMHaioLAMMca TeM, hto oh 
BKmonaeT b ce6fl a6pa3MBHbie HacTMU,bi no 
nio6oMy M3 nn.1 7 - 21 . 
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Ta6jiHu;a 1 



to 
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^Hana3QH pa3MepOB 


npoueHTHoe coaepacaioie b aHana30He 


+30 (> 600 mkm) 


41 % 


- 30 + 40 (< 600 mkm > 425 
mkm) 


31 % 1 


»40 + SO (< 425 mkm > 300 
mkm) 


11 % 


- 50 + 60 (< 300 mkm > 250 
mkm) 


3 % 


- 60 (< 250 mkm) 


4 % 


Ta6jrau;a 2 


7lHana30H paaMepoB 


IlpoueHTHoe co/iepHcaHHe b HHana30He 


+30 (> 600 mkm) 


22 % 


- 30 + 40 (< 600 mkm > 425 
mkm) 


38 % 


- 40 + 50 (< 425 mkm > 300 
mkm) 


23 % 


- 50 + 60 (< 300 mkm > 250 
mkm) 


9 % 


- 60 (< 250 mkm) 


8 % 
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TaonHua 3 



IIpo6a 



IIpHMep 3 
CpaBHeHHe 3 



3epHa/ 100 
n p 

L/D>/=2,0 

54 

25 



OTHOCHTeJIhHMH % A6pa3HBHbie CBOHCTB& 

Bee cpe3a, r/ 20 mhh 



207 
100 



284 
199 



ro 
oo 

Ol 

OS 



ITpo6a 



IIpHMep 4 
CpaBHeHHe 4 



Ilpo6a 



IIpHMep 5 
CpaBHeHHe 5 



3epHa/ 100 

n p 

L/D>/=2,0 

36 
21 



TaDjiHua 4 

OTHOCHTe^bHblH % A6pa3HBHbie CBOHCTBa 

h Bee cpe3a, r/ 20 mhh 



171 
100 



281 
212 



TaojiHqa 5 

3epHa/ 100 OTHOcHTejibHbiH % A6pa3HBHbie CBOHCTBa 

II p h Bee cpe3a, r/ 20 mhh 

L/D>/=2,0 

259 



27 
19 



142 
100 



149 











TaGjiHua 6 




Cp. flJiHHa 


Cp. UIHpHHa 


Cp. Bbicoxa 


Cp. o6beM 


06pa3eu 


Mkm 


Mkm 


Mkm 


Mkm 3 


H3o6peTeHHe 1 


754 


400 


179 


3, 95 


H3o6peTeH«e 2 


872 


399 


269 


3, 90 


H3o6peTeHHe 3 


673 


424 


254 


3, 19 


BajiKH 1 


597 


450 


299 


2, 22 


BajiKH 2 


615 


414 


282 


2, 92 


BajiKH 3 


601 


450 


226 


2, 87 


321 


649 


396 


231 


2,27 
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